Abstract : "LICKOR mixtures of organolithium reagents and bulky potassium alcoholates allow the smooth metalation and subsequent electrophilic substitution of low acidity hydrocarbons, in particular olefm. The allylpotassium intermediates exhibit peculiar conformational preferences which can be exploited in novel stereoselective carbon-carbon linking reactions. A few syntheses of simple natural products illustrate the method. A tentative explanation is given for the superior performance of LICKOR mixtures when compared with butylpotassium.
INTRODUCTION
The generation of reactive allylmetal species by proton abstraction from simple olefms using organosodium or organopotassium compounds was extensively studied by AA. Morton and his associates (ref. 1). Their methods, however, never became very popular since they required special equipment, high-speed stirring and long reaction times. Moreover, despite a huge excess of the hydrocarbon substrate, frequently only unsatisfactory yields were obtained. Thus, it was an encouraging achievement when activation by ",",N'-tetramethylethylenediamine (ref.
2 ) was found to be strong enough to enable butyllithium or tert-butyllithium to metalate the most reactive olefm such as isobutene (ref.
3) and 1-or 2-butene (ref. 4). Shortly afterwards the superbasic properties of 1 : 1 mixtures of alkyllithium ("LIC) and potassium alcoholates ("KOR) were recognized (ref. 5). When applied to the metalation of straight-chain and branched olefrns (ref. 6) the "LICKOR superbase" exhibited an unprecedented reactivity and, at the same time, selectivity profile. The reaction was perfectly typoselective : unlike isopropyllithium and tert-butyllithium which add to the double bond of simple alkenes such as propene (ref. 7), butyllithium in the presence of potassium tert-butoxide only promotes a hydrogen/metal exchange. The proton abstraction is highly regioselective : allylic methyl groups are much more readily attacked than such methylene groups, let alone methine centers. Finally, a stereoselective behavior was encountered : cis-Zalkenes generally react faster than their trans-isomers. This holds even for the 4,4-dimethyl-2-butenes where the trans-isomer leads to the thermodynamically favored product (ref. 8).
METAL-MEDIATED FEATURES OF ALLYL-TYPE ORGANOMETALLICS
Treatment of isobutene with butyllithium and potassium tert-butoxide mainly produces isobutenylpotassium and lithium tert-butoxide. Thc latter component can be removed by extraction (ref. 6).
A first question arises now regarding the shrcfure of alkenylpotassium compounds. By studying the effect of methyl and deuterium substituents on 13C chemical shifts we were able to confirm the presumed (ref. 9) u-bonded (ql) structure of allyl-type Grignard reagents (eg. 1) (ref. 10) . On the other hand, a symmetrical n-complex (73) structure was found for allylpotassium (3) and allylcaesium (ref. lo), while the spectra of allyllithium (2) and allylsodium (ref. 11) were interpreted on the basis of slightly asymmetric, though basically still trihapto (73) interactions (ref. 10,12) .
Regardless of their ground state geometry, allylmetal compounds have highly fluxional structures. We differentiate three distinct modes of metal mobility : (a) intermolecular exchange; (b) reversible transitions between u-and r-bonded species which at the same time provides a mechanism for the metallotropic conversion of u-structures into their mirror images; (c) torsional motion by which process the metal can move from the upper to the lower face, or vice-versa, in a-bonded ally1 derivatives while simultaneously the substituents at the inward ("endo") and outward ("exo") position of the rotating center change places. A combination of the two latter processes allows the stereomutation of crotyl-or other 2-alkenyl-type organo(earth)alkali intermediates. Endoand ero-isomers (endo-and w -4 ) can interconvert by simple rotation as soon as the metal has been linked to the "inner", secondary terminus of the allyl moiety in a +fashion (metallomer 5) and the resonance interaction between this organometallic and the olefinic r-bond has been lifted. The en&/exo-ratios of the organometallic intermediates 4 can be determined by nmr spectroscopy or, often more reliably, by gas chromatography after quenching. The latter method, of course, implies the availability of an appropriate electrophile which intercepts the intermediates 4 faster than these undergo torsional isomerization. Moreover, it should get attached predominantly, if not exclusively, to the unsubstituted terminus of the allyl moiety, since only the straight-chain derivatives 6, but not the branched regioisomers 7, have preserved the stereochemical information. In general terms organoalkali, notably organopotassium compounds of the allyl-type clearly favor the formation of chain-lengthened, primary derivatives 6 while 2-alkenylmagnesium compounds prefer to combine with electrophiles under allyl shift to vinyl substituted secondary or tertiary products 7. If, however, the two olefmic double bonds are separated by more than one methylene or methine group only simple allyl-rather than extensively delocalized pentadienylmetal species can be formed. The question now arises under what conditions, if at all, dimetalation can be achieved. With 1,7-octadiene as the model substance the reaction was found to stop cleanly at the monometalation level (9) when tetrahydrofuran served as the solvent.
E l -X
After treatment with methyl iodide 64% of branched and elongated C, hydrocarbons (in the ratio of 14 : 86) and only traces of C,, products were isolated. On the other hand, in h e m e exclusive dimetalation (to give 10) took place even when the diene was employed in a 4 fold excess [65% C,, and virtually no C9 dienes after treatment with methyl iodide (ref. 14)]. A similar medium effect was observed with 1,lO-undecadiene. It was found, however, to vanish with higher 1,w-dienes such as l,l3-tetradecadiene the two allylic sites of which react almost randomly in all solvents (ref. 14) . A more subtle medium control had to be devised for o-diisopropylbenzene which is very sensitive to polymerization. In neat tetrahydrofuran clean monometalation (to give 11) was achieved while in diethyl ether-rich mixtures almost pure dimetalation product (12) was obtained (ref. 26). 
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The acceleration of the second metalation with respect to the first one can rationalized by assuming "mixed aggregation" [eg., transition state 13 (ref. The LICKOR reagent attacks a-terpinene (l-isopropyl-4-methyl-l,3-cyclohexa&ene) side by sige at the allylic methyl group and both methylene positions. The reaction proved however, to be "self-curing" since after the borylation/oxidation sequence anthemol 35 (44%) was obtained as the only polar substance [besides cymene, 50% (ref. 23)].
A new access (ref. SO) to vitamin A has been elaborated which uses the same C,, and C building blocks as the BASF process but which is "autostereoselective" by virtue of the intrinsic conformationdpreferences of the key organometallic intermediate 36. Cleavage of the methyl ether of vinyl B-ionol with potassium/sodium (5 : 1) alloy generated this organopotassium compound of the heptatrienyl type (36). After brief torsional equilibration it had entirely adopted a zigzag band ("triple-V") structure. Thus, upon attachment of an electrophile at the most reactive terminal position the crucial A9-double bond inevitably immerged in the desired (E) configuration. The alcohol which is obtained by reaction with (E)-B-formyl-2-butenyl acetate can be converted to retinol acetate [vitamin A acetate, without optimization 15% based on vinyl-B-ionol (ref. Sl)].
ABOUT THE IDENTITY OF THE SUPERBASIC REAGENT
Alylsodium becomes a superior catalyst for the polymerization of butadiene when one equivalent of sodium isopropylalcoholate is added (ref. 52 The corresponding potassium alcoholates proved to be more powerful in this respect (ref. 57). Prior to our own work, a single report (ref. 59) drew attention to the specific and exceptionally high reactivity of butyllithium/potassium teH-alcoholate mixtures which were claimed as exceptionally efficient catalysts for the (co)polymerization of dienes and styrenes.
At the beginning the role attributed to the alcoholate was essentially a mechanical one. It was thought to "wrap up" the organosodium reagent (in a monomeric state or as a small aggregate) and thus allow it to display its full reactivity by virtue of an increased solubility (ref. 60). Previously, nmr spectroscopy had revealed a quite similar behavior of lithium alcoholates towards organolithium compounds (ref. 61).
Doubts in a merely "peptizing" (ref. 60) action of alcoholates arouse when Lim and associates discovered an unprecedented kind of metal/metal exchange. By simply stirriing a suspension of sodium teH-butoxide in a solution of butyllithium in hexane they obtained almost pure butylsodium (ref. 62) . A similar experiment with potassium tert-butoxide gave less conclusive results. Later, however, the Czechoslowakian polymer chemists elaborated modifed procedures which assured almost complete conversion of butyllithium to butylpotassium too (ref. 63). The outcome of such remarkable metal/metal repartitioning, however, has no direct bearing on the nature of the superbasic species which under in situ conditions promote an irreversible transmetalation reaction. Thus, it is unwarranted to consider the LICKOR reagent as nothing else but butylpotassium. %) . Actually, the finding that the LICKOR components can be dissolved and kept in this medium at temperatures around or below -60°C was of greatest practical importance since it encouraged us to carry out metalations more and more frequently in homogeneous medium rather than in hexane slurries.
So far all evidence codirms our view (ref. 5) that the true superbasic reagent is an organometal/alcoholate aggregate which is fairly long-lived in cold tetrahydrofuran while it progressively disproportionates in paraffiic media. As long as detailed spectroscopic and kinetic data are lacking it is difficult to decide whether the LICKOR reagent is a 1 : 1 adduct or a 1 : n (e.g., 1 : 3) adduct if not a higher aggregate (e.g., 2 : 2 adduct or an ate complex (ref. 6 9 , to mention just a few possibilities. Unfortunately, we were unable to record "C-nmr spectra of butylpotassium in neat tetrahydrofuran although we succeeded with methylpotassium [6 -2.10 ppm] and with trimethylsiiylmethylpotassium [6 -1.14 ppm] (ref. 69). This failure prompted us first to explore the mechanistic pecularities of less labile organometallic intermediates (ref. 70). Thus, benzylpotassium was found to undergo rapid transmetalation with Zmethylnaphthalene until equilibrium between the two CH-acids involved and the corresponding potassium "bases" was reached. Benzyllithium proved to be considerably less reactive. Addition of lithium rert-butoxide caused a retardation of both reactions (see figure 1) . The metals did not only affect the rate with which an acidbase equilibrium was established but also the position to which it was shifted. The intrinsic CH-acidities of seven substrates, all belonging to the toluene family, were painvise compared in transmetalation reactions. The potassium compounds gave a stronger response, i.e. a steeper slope, than the lithium series (see figure 2 ).
In the context of this investigation we also examined the chemical stability of solutions of benzylpotassium in tetrahydrofuran at 25°C. They turned out to be very capricious : after a long, though variable incubation period, during which nothing happened, suddenly a very fast decomposition of the reagent started. In contrast, mixtures of benzyllithium and potassium fert-butoxide or benzylpotassium and lithium tert-butoxide were found to be almost indefinitely stable. This observation may provide a clue to the understanding of what is so special about the LICKOR reagent. Although its reactivity potential is somewhat diminished when compared with butylpotassium, the mixed aggregate appears to be much better protected against uncontrolled side reactions and autodestruction.
